Several pellet-on disk and pad-on disk tribometer tests were conducted to study the lubrication characteristics of thirdbody particles of MoS 2 powder. The tests consisted of simultaneous pellet-on disk and pad-on disk sliding contacts. Results from the tests show the self-repairing, selfreplenishing, oil-free lubrication mechanism of MoS 2 . A theoretical control-volume fractional coverage model was developed to predict (1) the friction coefficient at the pad/disk interface and (2) the wear factor for the lubricated pellet/disk sliding contact. The fractional coverage varies with time and quantifies the amount of third body film covering the disk asperities. Results from the model capture the tribological behavior of the experimental sliding contacts reasonably well.
INTRODUCTION TO POWDER LUBRICATION
Advancements in engine technologies, the continuing depletion of the world's petroleum oil supply, and the inadequacy of conventional liquid lubricants in extreme environments have increased the need for oil-free lubrication. Fortunately, lamellar powders or "powder lubricants" such as molybdenum disulfide (MoS 2 ), titanium dioxide (TiO 2 ) and tungsten disulphide (WS 2 ) have demonstrated excellent tribological capabilities [1] . In powder lubrication, powders lubricate as transfer films from compacts, in spray-form, or from composites.
Higgs et al. showed that MoS 2 pelletized powder lubricants acted as a velocity accommodating third-body in high-speed sliding contacts [1] . Fillot et al. [2] used a computational wear simulation to glean mass balance laws for describing wear between tribosurfaces when a third-body is formed. In this work, a control volume fractional coverage (CVFC) model has been developed that extends the massbalance concepts of Fillot to analyze the interrelated pellet wear mechanism (i.e., lubricant deposition) and pad wear mechanism (i.e., lubricant depletion) on a pellet-on disk with slider pad tribometer setup.
Results from the CVFC model are compared with the pellet-ondisk with slider experimental results.
EXPERIMENTS
To analyze a pelletized powder-lubrication mechanism, the setup in Fig. 1 was developed. A MoS 2 pellet was sheared against the surface of the rotating TiC disk. The thin-film interfacial third body particulates produced by the pellet were depleted by the loaded TiC slider riding on the lubricated surface. Figure 1 : Experimental pellet-on-disk setup A powder compaction system was used to fabricate pellets of MoS 2 which were 19 mm in diameter and 51 mm high. The pellet load was fixed at 17.8 N while the slider load varied between 56.8 N and 307 N. An LVDT was used to obtain the pellet's wear mass (Fig. 3b) . Frictional forces on slider and pellet were obtained using load cells [1] . Figure 2 shows a simplified schematic of the pelleton-disk with slider arrangement, where the powder lubricant film will be treated as the control volume. The governing equation for the CVFC model is given by:
THEORY
where, X = h/h max , is the fractional coverage of the third body film, h is its height, and A is its cross-sectional area. The film height when the disk asperities are completely covered is h = h max (X = 1). Additionally, the wear coefficient for the pellet wear is K p and the wear coefficient for the third body wear due to shearing from the pellet and pad are K ep and K es , respectively. Finally, V is sliding velocity while F p and F s are pellet and slider loads, respectively. Adopting the linear-ruleof-mixture from Dickrell et al., [3] , the pellet and slider friction coefficients can be defined as:
where µ p and µ s are friction coefficients at the pellet/disk and slider/disk interfaces, respectively. The pellet and slider friction coefficients for unlubricated conditions are µ dry,p and µ dry,s while those for lubricated conditions are indicated by µ lub,p and µ lub,s .
COMPARISON OF RESULTS:
The CVFC model qualitatively agrees with results from the pellet-on-disk with slider tests. Figures 3a and 3b show experimental results for the pad/disk friction coefficient and pellet wear with sliding distance, respectively. Figures 4a and 4b illustrate that both the model and experiment show the friction coefficient at the slider/disk interface increasing before leveling off, as slider load increases. Finally, Figs. 5a and 5b show that the theoretical and experimental wear factors for the pellet increase with slider load. This actually demonstrates that the pellet self-repairs and self-replenishes the depleted film. 
CONCLUSION
A third-body control volume fractional coverage approach was used to predict slider friction and pellet wear on a pellet-on-disk with slider tribometer. The model developed is based on first principles, no curve-fitting with the only free parameters being the experimental wear coefficients taken from [4] . To that end, the model did an adequate job of predicting the friction coefficient at the slider/disk surface and the wear factor for the pellet, both under solid powder lubricated conditions. Further modeling and experiments are in progress. 
